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as the formulae expressing the strain '(e, / g, a^ 6, *•) in terms of the stress (P, Q, R, S, T, £/")- They are of course merely the algebraic inversions of (5); and they might have been found by solving these for e,f,gt a, b, <r, regarded as che unknown quantities. M is here introduced to denote Young's modulus.
666. To express the equation of energy for an isotropic substance, we may take the general formula,
w = £(Pe+ Q/+ Rg+Sa + Tb + Uc),
and eliminate from it P, Q, etc., by (5) of § 664, or, again, et f, etc., by (6) of § 665, we thus find
7)
667.    The mathematical theory of the equilibrium of an elastic solid presents the following general problems :
A solid of any given shape, when undisturbed, is acted on in its substance by force distributed through it in any given manner, and displacements are arbitrarily produced, or forces arbitrarily applied, over its bounding surface. It is required to find the displacement of every point of its substance.
This problem has been the ->ughly solved for a shell of homogeneous isotropic substance bounded by surfaces which, when undisturbed, are spherical and concentric; but not hitherto for a body of any other shape. The limitations under which solutions have been obtained for other cases (thin plates and rods), leading, as we have seen, to important practical results, have been stated above (§ 6°5)- To demonstrate the laws (§ 607) which were taken in anticipation will also be one of our applications of the general equations for interior equilibrium of an elastic solid, which we now proceed to investigate.
668.    Any portion in the interior of an elastic  solid may be regarded as becoming perfectly rigid (§ 584) without disturbing the equilibrium either of itself or of the matter round it. Hence the traction exerted by the matter all round it, regarded as a distribution of force applied to its surface, must, with the applied forces acting on the substance of the portion considered, fulfil the conditions of equilibrium of forces acting on a rigid body.   This statement, applied to an infinitely small rectangular parallelepiped of _ the body, gives the general differential equations of internal equilibrium of an elastic solid.   It is to be remarked that three equations suffice; the conditions of equilibrium for the couples being secured by the relation established above (§ 632) among the six pairs of tangential component tractions on the six faces of the figure.
660.   One of the most beautiful applications of the general equa-